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Currently, baiting is the most common method for controlling mouse populations. Behavioural responses to bait
stations may affect the acceptance of baits. We studied the effect of mouse odour on the number of entries into and
time spent within bait stations under semi-natural conditions. Comniensal house mice (Mus nusculus nusculus) were
allowed to choose between two identical bait stations, one of which was scented with a conspecific odour. The donors
of the odours were socially experienced or inexperienced male and female mice. The results showed that house mice
preferred scented bait stations over non-scented controls. This preference was not significantly affected either by sex
of the tested mice or by sex andjor experience of the scent donor. Nevertheless, the preference was especially
apparent in males allowed to enter bait stations scented with the odour of adult, sexually- and socially-experienced
conspecifics. In conclusion. our results show that not only the bait station itself, but also accompanying social
odours, attract house mice, and thus may considerably enhance the effectiveness of baits. Furthermore. our results
indicale that excessive cleaning of scented bait stations may decrease the elficacy of rodenticide baiting.
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1. Introduction

Rodents are successful competitors, colonizers, and
invaders of natural, urban and agricultural environ-
ments (Berry 1981; Stuart et al. 2007; Gomez et al.
2008). Rodents are serious pests in agricultural and
urban environments on a worldwide scale (e.g. Meyer
et al. 1993; Macdonald and Fenn 1996; Langton et al.
2001: Traweger et al. 2006; Singleton et al. 2003).
Pestilential effects of house mice (Mus nusculus)
include: (i) direct feeding on food and animal feed:
(ii) spoiling of food and environment by urine, faeces
and toxinogenic fungi (Corrigan 2003; Stejskal et al.
2005); and (iii) transmission of medically important
microorganisms (e.g. Jackson 1990).

The economic and aesthetic threshold for urban
pests such as mice is generally very low (Stejskal 2002).
Although integrated rodent control is based on five
main pillars: monitoring, exclusion, sanitation, trap-
ping and rodenticide baiting (Lund 1996), rodenticide
baiting is currently the prevailing component of
integrated control on agricultural and food industry
premises. There have been several studies of the factors
(e.g. palatability, resistance) that affect the efficacy of
rodenticide baits (e.g. Rowe 1961; Rowe et al. 1985:
DuVall 1989; Cox and Smith 1990; Bajomi et al. 1991;
Bai et al. 1992; MacNicoll 1993; Thijssen 1995; Brown
et al. 1997; Prescott and Greaves 1999: O’Connor
and Booth 2001). Many countries require safe

administration of rodenticide toxic baits in bait
stations to avoid either consumption by non-target
organisms or misuse of toxic baits by humans.
However, the material and architectural construction
of the bait station and the association of pheromones,
urine and faeces may influence rodent behaviour and
thereby bait efficacy (e.g. Tobin et al. 1997; Selvaraj
and Archunan 2006). Attention has been paid espe-
cially to the role of odours in modulation of neophobia
and social transmission of food preferences and/or
avoidance in Norway rats (e.g. Galef and Whiskin
2001; Galef 2003a, 2003b).

Olfactory communication is very important for
social interaction in most rodents, in particular the
house mouse (Hurst 1987; Frynta et al. 2010). with
respect to recognition of sex, age and reproductive
condition. Group relations in house mice are mediated
by chemical cues primarily from urine. Dominant
males mark at higher frequencies than subdominants
living in the same area and countermark urine deposits
from subdominants and any intruders (Hurst 1990a.
1990b). Rowe (1970) was among the first to suggest
that the susceptibility of rodents to being trapped
might be influenced by trap odours, noting that wild
male house mice were caught more often in traps
marked with odours of conspecifics than in clean,
unmarked traps. The effect of odours from conspecifics
soiled traps on cue preferences in rodents was
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subsequently tested by several independent investiga-
tors (Daly et al. 1980; Heske 1987; Drickamer 1995,
1997). The role of odour in rodent communication
should be the object of intensive study by rodent pest
control researchers because of the potential for
manipulation of rodent populations.

The aim of this study was to assess whether the
presence of conspecific odours enhances the attractive-
ness of bait stations for male and female mice. Because
the relevance of odours for the responding mouse
depends on social context, the effects of sex and social/
sexual experience of the odour donors were also
examined.

2. Methods
2.1. Experimental animals

Laboratory-born descendants of wild house mice
belonging to the eastern subspecies Mus musculus
muscufus L., 1757 were used as experimental subjects.
The ancestral stocks were captured during autumn
2000 within the area of a grain store in the peripheral
part of Prague, Czech Republic. Mice were kept and
bred in pairs in plastic cages 300 x 180 x 150 mm in
size. Water and food (ST1 mice and rat breeder diet
VELAZ) were served ad libitum. The animals were kept
in a breeding room under an artificial dark-light
regime 12:12 h. The experiments were carried out
exclusively during the subjective dark-phase of the
day in a specially designed experimental enclosure
(floor dimensions: 2.5 x 1.75 m) illuminated with a
40W red-light bulb.

2.2. Experimental design

At the time of testing the experimental mice were
adults, socially and sexually experienced, 20 males
(mean body weight = 16.7 g) and 20 females (17.9 g).
Each animal was subjected to four consecutive trials
following a regular balanced design. The interval
between the consecutive trials exceeded 24 h. The trials
differed in sex and sexual/social experience of the
animal serving as the donor of the odour. The donors
were housed singly for a week prior to the experiments.
They were unrelated and unfamiliar with respect to the
experimental mice. Those further referred to as ‘naive’
from hereon were kept from weaning in unisexual
groups, while those referred to as ‘experienced’ were
kept in heterosexual pairs to allow territory formation,
acquisition of dominance status as well as of sexual
experience. The experiments were performed blindly.
Two identical tunnel-shaped bait stations,
RATEKO — A (produced by Proeko, Czech Republic),
constructed from plastic material, 335 x 75 x 50 mm
in size, were used in each trial. The bait stations were
filled with 100 ml of wood shavings, 1.e. the material
that regularly served as the bedding in breeding
cages. One bait station of each pair was filled with

urine-stained wood shavings removed from mouge
cages while the other one contained clean shavings tq
provide the control. Both bait stations were laiq
symmetrically on the floor in the middle of the
enclosure (spaced by 1.75 m). An experimental mouse
was then enclosed in the wooden box and transferred
into the enclosure, where it was allowed to freely leave
the transport box and visit the experimental floor,
When the mouse left the box and began to explore the
room, a camera sensitive to infra-red light was
switched on. The behaviour of the animal was video-
recorded for the next 20 min and subsequently
quantified. Next, the bait stations were thoroughly
washed in detergent and then in 96% ethanol to
remove odours and to allow their repeated use.

We measured the amount of time spent by each
mouse in the odour scented bait station as well as that
spent in the control station. The total number of visits
to each station was also recorded.

2.3. Statistical analysis

The time spent in experimental (scented) bait stations
was compared with that spent in control stations by
Wilcoxon matched-pair tests. We also compared the
number of visits (entries) to scented and control
stations. The sum of the time spent in both experi-
mental and control bait stations is referred to as "time
spent inside’. The proportion of time spent in the
experimental bait station scaled to the total time spent
in both bait stations was used as a measure of odour
preference. To achieve normality, the time spent inside
was naturally log-transformed and the odour prefer-
ence scores were square root arcsin-transformed prior
to parametric statistical analyses. No deviations from
normal distribution were detected by Shapiro-Wilks
tests: W =099 (P=048) and 099 (P =0.79),
respectively. In order to obtain more straightforward
values, the odour preference was then adjusted to set
the maximum preference for the control bait station to
zero, maximum preference for the scented station to
200, and precisely balanced visits to 100. A mixed
model approach (GLMM) was then applied to assess
the effects of the following fixed factors: sex of the
experimental mouse, and sex and sexual/social experi-
ence of the odour donors. The identity of the
experimental mouse was included as a random factor
to avoid pseudoreplication. The results of the initial
full models were compared with the final reduced
models obtained from step by step simplification. The
calculations were performed using STATISTICA 6.0
and/or SPSS v.16.

3. Results

Tested mice of both sexes exhibited a clear tendency to
spend more time in scented bait stations than in non-
scented controls (Table 1). Nevertheless, confidence
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intervals of the odour preference (see Material and
methods for computational approach) overlap con-
siderably among particular groups (Figure 1). Conse-
quently, GLMMs did not reveal a significant effect of
any studied factor or its interaction either on odour
preferences or on time spent inside. Model building led
to the exclusion of all fixed factors. The most reduced
model evaluating odour preferences includes only the
interaction between sex of the experimental mice and
experience of the donor (F3 104 = 1.12; P = 0.35). The
95% confidence intervals of means (Table 2), however,
revealed a clear preference for scented bait stations
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except that in which male subjects were exposed to the
odours of inexperienced conspecifics.

When the data were alternatively split according to
sex of the tested subjects, as well as sex and experience
of odour donors, pair-wise non-parametric statistical
testing confirmed a preference for scented bait stations
in two groups only (Table 1). Male mice significantly
preferred to spend time in bait stations with the odour
of a sexually experienced conspecific, either male
(n=19, =213, P=0033) or female (n=19,
- =239, P=0.0169). Nevertheless, a Wilcoxon test
confirmed a preference for scented bait boxes in the

case of females also, when the data for different odour

over non-scented stations at all levels of evaluated fixed
sources were pooled (n = 20, z = 2.17, P = 0.030).

factors as well as at all levels of the above interaction,

Table 1. Mean number of entries (SE) and mean time (in seconds) spent by experimental house mice in the experimental
(scented) and control bait stations according to the subject sex, sex and experience of the donor.

Number of entries in Time spent in Wilcoxon test

Donor of the odour Experience Scented Control Scented Control o P
Males subjects:
Male Naive 13.68 (1.94) 13.26 (1.19) 107.9 (12.4) 113.0 (24.2) 0.64 0.5197
Female Naive 11.63 (0.87) 14.95 (1.79) 185.8 (44.5) 158.4 (40.0) 0.40 0.6874
Male Experienced 14.15 (1.59) 11.30 (1.23) 211.7 (34.8) 152.7 (44.9) 2.13 0.0333
Female Experienced 14.65 (1.66) 12.60 (1.53) 175.7 (19.6) 115.9 (28.9) 2.39 0.0169
Female subjects:
Male Naive 12.90 (1.45) 13.40 (1.71) 145.2 (22.3) 98.7 (15.9) 1.83 0.0674
Female Naive 12.45 (0.96) 13.90 (1.81) 151.6 (26.0) 125.2 (28.7) 1.38 0.1672
Male Experienced 12.45 (1.34) 10.75 (0.95) 113.0 (16.0) 104.5 (33.7) 1.53 0.1259
Female Experienced 13.60 (1.61) 11.90 (1.11) 147.7 (26.3) 101.9 (16.7) 1.34 0.1790

Note: Z-scores and statistical significance provided by Wilcoxon matched-pairs tests is given for time scores.
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Figure 1. Preferences assessed for scented bait stations in male and female house mice. Bars indicate 95% confidence intervals of
means. Note that all particular means are above the value 100 representing equal visitation of scented and control bait stations.
Although the lower confidence interval exceeds this value and thus reaches formal significance at « = 0.05, only in one particular
group, the preference for scented bait station were highly significant in pooled data sets. Explanations: M, male donor; I, female
donor; E, experienced donor; N, naive donor.
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Table 2. Means and 95% confidence intervals for adjusted
square root arcsin-transformed preferences for bait stations
scented by conspecific odours as revealed by the GLMM
evaluating the effects of sex, experience and its interaction.

Lower Upper

Factor/Group Mean bound bound Ratio
Sex

Males 112.2 105.4 118.9 1.47

Females 1119 105.3 118.5 1.46
Experience

Naive 109.6 103.1 116.1 3

Experienced 114.5 107.8 121.0 1.58
Interaction
Males

Naive 106.2 97.0 115.5 1.22

Experienced 118.2 108.7 127.5 1.79
Females

Naive 112.9 103.9 122.1 1.5

Experienced 110.8 101.5 119.9 1.41

Notes: The value of 100 corresponds to equal time spent in
experimental and control bait stations; zero corresponds to no time
spent in experimental bait station; 200 corresponds to no time spent
in control bait station. Values of the lower bound excecding 100
denote significant prefcrence of scented bait stations over non-
scented ones at « = 0.05. Note that adjusted prefercnces are not
equivalent to percentages produced by conventional ratios of original
time scores. Mecan ratios (time spent in scented scaled to that in
control bait station) corresponding to mean adjusted preferences are
given to make the results more intuitive.

We also compared the numbers of visits to scented
and control bait stations: the difference was significant
in the case of males exposed to the scent of experienced
females only (z = 2.47; P = 0.013).

4. Discussion

We have demonstrated that house mice populations
belonging to the eastern nominotypic subspecies M. m.
musculus exhibit clear preferences for bait stations
scented with odours of conspecifics. Although, prefer-
ences for conspecific odours (Frynta et al. 1992
Munclinger and Frynta 1997) as well as the effects of
social odours on foraging activity (Jacquot and
Baudoin 2002) were previously reported in this sub-
species, most research effort has been devoted to this
phenomenon in the western subspecies of house mouse
(M. m. domesticus; e.g. Rowe 1970, Drickamer 1995,
1997: Pastro and Banks 2006; but see Drickamer 1992
who found no better superiority of soiled over cleaned
traps), which differs considerably from M. m. musculus
in its patterns of olfactory communication (Smadja and
Ganem 2008). As the geographic range of the eastern
subspecies extends from the line of the hybrid zone with
the western subspecies M. m. domesticus (i.e. Denmark—
Bavaria—Bulgaria-Transcaucasus) throughout Central
and Eastern Europe to the Russian Far East and China,
this subspecies is one of the most important commensal
rodents on a global scale.

House mice use olfactory communication in almost
every aspect of their life. It is involved in male territorial

s oeTal may pe protected vy copyrignt caw (rite 17 US Code)

marking (Hurst 1987, 1990a, 1990b), recognition of
group membership (e.g. Nakamura et al. 2007), inbreed-
ing avoidance (Sherborne et al. 2007). choice of socia]
partners (Weidt et al. 2008) and health assessment
(Ehman and Scott 2001). Since investigation of con-
specific odours by mice is so important for survival and
successful reproduction, our finding a preference for
these odours is thus not surprising. It was recently
reported that house mice continue to visit scented
patches that attract predators. Most likely, the social
benefits of conspecific odour investigation outweigh the
risk of predation (Pastro and Banks 2006). This finding
may be extremely important for control of mice
populations as the motivation to sniff social odours is
probably a nearly context-independent phenomenon
that is ever present. Moreover, it has been demonstrated
that brief exposures of male mice to female odours even
inhibit some antipredatory mechanisms, e.g. the analge-
tic response to weasel odour (Kavaliers et al. 2001). Itis
likely that the tendency to explore social odours of
conspecifics and thus visit scented bait stations leads to
increased food consumption there. Nevertheless, this .
assumption requires further experimental verification.

We expected sharp differences between the sexes
not only because of the sex-specific functions of odours
in sexual selection. Female mice are much more
sensitive to volatile compounds in urinary odours
than are male mice (for thresholds, see Baum and
Keverne 2002). It has recently been demonstrated that
socially experienced females are attracted to both
volatile and non-volatile components of male odours
(the latter probably associated with MUPs). In
contrast, naive females possessing no previous experi-
ence with male odours are not attracted by volatile
compounds, and that response to these components 1s
probably acquired by associative learning (Moncho-
Bogani et al. 2002). Nevertheless, preference for non-
volatile compounds is innate and independent of
hormonal status. Thus, both estrous and diestrous
females prefer male odours equally, irrespective of the
subsequent occurrence of proceptive behaviour
(Moncho-Bogani et al. 2004). Concerning the male
response to female odours, it was shown that it is
inhibited by chemosignals from other males.

Because of the forementioned physiological and
behavioural mechanisms which are sex- and experi-
ence-specific, we expected that responses to conspecific
odours would be highly specific for combinations of
studied factors, i.e.. sex of the experimental subject, sex
of the odour donor, and social experience. In spite of
this expectation, the observed preferences for the bait
stations scented with conspecific odours were fairly
similar among the particular groups. This may be
interpreted as having a result of general investigatory
activity towards unfamiliar social odours rather than
specific responses to particular semiochemicals.

We found the highest response in the group of
males exposed to odours of experienced females.
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This makes biological sense. as it accords with
Drickamer’s (1995) results that dominant males are
more likely to be captured in traps odorized by adult
females. On the other hand, we cannot corroborate
Drickamer’s finding that adult males avoided odours
of other males. This may be explained by markedly
lower aggression among males belonging to the
subspecies M. m. musculus as compared to that in
M. m. domesticus (Munclinger and Frynta 2000;
Volfova et al. 2002; Frynta et al. 2005). Obviously,
the reduced level of aggression makes investigation of
urine marks of dominant males less dangerous.

5. Conclusions

We demonstrated that house mice belonging to the
eastern subspecies exhibit behavioural preferences for
bait stations scented with conspecific odours. The
phenomenon was most apparent in adult male mice
allowed to visit stations scented with the odour of adult,
sexually-experienced females. This resuit is promising
for the improvement of methods enabling population
control of this widespread commensal rodent. Our
results indicate that the excessive regular cleaning of
scented and contaminated rodent bait stations, which is
frequently required by hygienic and HACCP auditors
in agriculture and food industry facilities even for bait
stations located outside of the building, may decrease
overall rodenticide baiting efficacy.
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